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HIV infects glomerular endothelial and mesangial but not
epithelial cells in vitro
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HIV infects glomerular endothelial and mesangial but not epithelial
cells in vitro. The infectivity of human immunodeficiency virus (HIV-l)
in human glomerular cells was evaluated by exposing homogeneous
cultures of human glomerular capillary endothelial, mesangial and
epithelial cells to HIV in vitro. Infectivity and HIV expression was
assessed by: I) the measurement of p24 antigen production from culture
supematants; 2) the presence of p24 antigen intracellularly by immu-
nofluoreseence; 3) levels of P24 antigen production or syncytia forma-
tion following the cocultivation of glomerular cells exposed to HIV with
normal human peripheral blood mononuclear cells or MT-2 lympho-
cytes; and 4) the presence of intracellular HIV DNA by polymerase
chain reaction. The results indicate that HIV can infect and replicate in
glomerular capillary endothelial cells and in a small percentage of
mesangial cells, but not in human glomerular epithelial cells in vitro.
A proteinuric and rapidly progressive nephropathy can de-
velop in patients infected with the human immunodeficiency
virus (HIV). Pathologically, the nephropathy is characterized
by a glomerulopathy involving particularly the mesangial and
the epithelial cells. The former proliferate before glomerular
sclerosis sets in; the latter often become markedly hyper-
trophic. There also is an associated tubulointerstitial infiltration
of inflammatory mononuclear cells [1].
The pathogenesis of the glomerulopathy is unknown. It may
represent a primary manifestation of HIV infection with spread
and replication of HIV in glomerular cells. Indeed, the glomer-
ulopathy is often evident in HIV infected patients before
development of opportunistic infections [1]. Cohen and co-
workers [2] identified the HIV genome by in situ hybridization
in glomerular epithelial cells in renal biopsies from patients with
HIV-associated nephropathy. Alternatively, the glomerulopa-
thy could be the consequence of glomerular invasion by in-
fected circulating macrophages and mononuclear cells, libera-
tion of cytokines, and glomerular inflammation with cell
proliferation, enhanced matrix deposition and sclerosis.
To test the hypothesis that HIV can infect and replicate in
glomerular cells, cell culture systems were developed from
normal human kidney to determine the infectivity of HIV in
specific glomerular cell types.
Cell cultures
Glomerular cell cu/tures.Homogeneous cultures of endothe-
hal, mesangial and epithelial cells were prepared from glomeruli
isolated from normal human kidneys deemed unsuitable for
transplantation. Glomeruli were isolated by differential sieving
of renal cortical tissue. After collagenase treatment, glomerular
segments were plated in culture media favoring the growth of a
specific glomerular cell type as previously described [3]. Gb-
merular capillary endothelial cells were grown in Waymouth
medium supplemented with 20% FBS, 2 m glutamine, endo-
thelial cell growth factor (200 g/ml), and heparin (100 Lg/ml) in
culture flasks coated with human fibronectin (100 g/ml).
Mesangial cells were grown on plastic in RPMI 1640 medium
containing insulin (5 p.g/ml), transferrin (5 g/ml), selenium (5
ng/ml) and 20 percent fetal bovine serum (FBS) (Hyclone
Laboratories Inc., Logan, Utah, USA). Epithelial cells were
grown in type IV collagen coated dishes (10 gI35mm) in a
medium containing equal volumes of Dulbecco's Modified
Eagle's medium (DMEM) and Ham F-l2 medium supplemented
with 8% NuSerum, 2% FBS and various growth factors [41.
Cultures were developed by patch cloning homogeneous micro-
colonies of cells. Cultures were maintained at 37°C in an
atmosphere of 95% air and 5% CO2. The culture medium was
changed 3 times/week. Glomerular cell characterization was
based on morphologic appearance of the cultures by phase
contrast microscopy. Further identification was determined by
indirect immunofluorescence staining against F-actin, myosin,
Ulex europaeus, cytokeratin and factor Vill-related antigen
and ability to endocytose acetylated LDL. The methods are
separately described in detail [31. Glomerular endothelial cells
were used at passage 2 to 5, mesangial cells at passage 6 to 10
and epithelial cells at passage 2 or 3.
Normal human peripheral blood mononuclear cells (PBM).
These were isolated from healthy HIV and hepatitis B virus
seronegative donors by Ficoll-Hypaque gradient centrifugation,
stimulated by phytohemagglutinin (10 g/m1) for three days and
placed in RPM! 1640 medium supplemented with 15% heat-
inactivated FBS, 1.5 m L-glutamine, penicillin (100 uJml), strep-
tomycin (100 g/ml), and 4 mM sodium bicarbonate buffer [51.
MT-2 cel/s.These were propagated in DMEM supplemented
with 15% heat-inactivated FBS, 0.25 mg/ml L-glutamine, and
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Fig. 1. Composite picture of representative
phase microscopy (A, B, C) and fluorescent
assays for acetylated LDL (D, E, F), and
indirect immunofluorescent assays for F-actin
(G, H, I) and cytokeratin (J, K, L) in human
glomerular endothelial (left panels),
mesangial (middle panels) and epithelial (right
panels) cell cultures.
1% penicillin-streptomycin. MT-2 cells, an HTLV-1 immortal-
ized CD4+ lymphoblastoid cell line, form giant syncytia (mu!-
tinucleated giant cells with more than five nuclei) when exposed
to HIV [6].
Virus
HIV-1 (IIIB), a prototype T-lymphotropic laboratory strain,
was obtained from the culture supernatant of H9 cells (contin-
uously HIV-infected T-lymphocytic cell line derived from HUT
78) provided by Dr. R.C. Gallo [5]. HIV-1 (MB), a low passage
clinical strain isolated from a patient with AIDS, was harvested
from the culture supernatants of peripheral blood monocytes.
Cell-free supernatants from cells infected with HIV were ali-
quoted at peak reverse transcriptase activity and, after the
infectious titer was determined, were kept frozen at —85°C until
use. Both stocks of HIV were adjusted to contain an infectious
viral titer of 3.50 log 10 TCID50/ml by the Reed-Muench method
[7].
Infectivity studies
Target cells (6 x l0 cells/mi) in their respective culture
medium were exposed to DEAE-dextran (25 g/ml, Sigma
Chemical Co., St. Louis, Missouri, USA) for 20 minutes,
washed, followed by exposure to HIV (m.o.i. of 0.1 and 0.001)
for one hour at 37°C. The cells were washed five times in PBS,
transferred to a 24-well culture plate and maintained in culture
at 37°C in humidified air containing 5% CO2 for up to 40 days.
The medium was changed every three to four days. At inter-
vals, cells and supernatants were assayed for measures of HIV
expression. Cell viability was determined by the Trypan blue
method, Cells not exposed to HIV served as controls.
These studies were performed in duplicate utilizing endothe-
hal and mesangial cell cultures from three different donors and
two epithelial cell cultures from one donor. In certain experi-
ments, multiple concentrations of human recombinant soluble
CD4 (Endogen Inc., Boston, Massachusetts, USA) were placed
in 24-well culture plates (added 1 hour after virus infection) to
determine its capacity for virus inhibition.
Measures of HI V expression in glomerular cells
The following methods were used to detect HIV expression:
1) The levels of HIV p24 antigen production from giomerular
culture supernatants were determined using a commercially
available solid-phase sandwich-type ELISA (Abbott Laborato-
ries, Chicago, Illinois, USA). Positive cultures were defined as
those having two consecutive samples with absorbance values
>2 standard deviations above the control values or >20 pg/ml
of p24 antigen. 2) Intracellular HIV p24 antigen in glomerular
cells was measured by indirect immunofluorescence using a
monoclonal antibody as previously described [8]. Greater than
300 cells per slide were counted in duplicate. Uninfected
controls had <2% cellular staining. 3) Cell-associated HIV was
measured by the co-cultivation of glomerular cells previously
exposed to HIV with: (a) normal human peripheral blood
mononuclear cells or; (b) MT-2 cells. The cell coculture was
monitored for evidence of HIV expression by the presence of
p24 antigen in the medium as described above or the formation
of syncytia in MT-2 cells, respectively [8]. 4) HIV DNA in
glomerular cells was assessed by polymerase chain reaction
(PCR) performed on at least two separate sets of experiments in
duplicate [9]. In brief, cellular DNA (1 jsg) from each sample
was subjected to 45 cycles of amplification with HIV (SK 3 8/39
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Table 1. HIV expression in different human glomerular cell types
Assays
Endothelial
cells
MB and IIIB
Mesangial cells
Epithelial
cells
MB and IIIBMB II1B
HIV p24 antigen in culture medium (pg/mI)
Intracellular HIV p24 antigen
Coculture with —PBMCs (p24 antigen)
—MT-2 (syncytia)
HIV DNA by PCR
Abbreviation PBMCs is peripheral blood monon
>600
91%
(88—95%)
>600
Day 6
Day 4
uclear cells.
up to 62
4%
(2—5%)
>600
Day 10
Day 7
negative
negative
negative
negative
negative
negative
negative
negative
negative
negative
and SK 68/69, primers for the HIV gag and env regions,
respectively), and HLA specific oligonucleotide primers (GH
26/27), separated on an 8 percent polyacrylamide gel and
stained with ethidium bromide 110]. HIV specific amplification
was confirmed by hybridization with a 32P-labeled probe (SK19
or SK7O). HIV infected H9 cells and reagents served as controls
for each PCR experiment.
Results
Cell cultures
Glomerular capillary endothelial cells had a cobblestone
morphology at confluence, They endocytosed acetylated LDL.
On indirect immunofluorescence, they stained positive for
factor Vill-related antigen and Ulex europaeus but were nega-
tive for cytokeratin. Glomerular endothelial cells also stained
positive for F-actin in a peripheral distribution.
Mesangial cells had a characteristic stellate appearance. They
stained negative for cytoplasmic cytokeratin but positive for
F-actin, myosin and desmin on immunohistochemical assays.
Fibroblast contamination was excluded since the cells were
able to replicate in D-valine substituted medium.
Epitheliai cells had a cobblestone morphology. Unlike endo-
thelial cells, however, they were negative for acetylated LDL
uptake. Unlike mesangial cells, they stained negative for cyto-
plasmic F-actin but positive for cytokeratin 1-19, Mesangial and
epithelial cells were negative for factor Vill-related antigen.
A composite picture of representative phase contrast, and
fluorescent assays for acetylated LDL, F-actin and cytokeratin
in glomerular endothelial, mesangial and epithelial cell cultures
is presented in Figure 1.
Infectivity assays
The results of infectivity assays of human glomerular cells in
culture are summarized in Table 1.
Endothelial cells. Human capillary endothelial cells were
readily infectible by HIV IIIB or MB (m.o.i. 0.1) (Fig. 2).
Within four days of HIV exposure, the culture medium became
positive for HIV p24 antigen, the level rising from 12 pg/mI (day
0 post-wash value) to >600 pg/ml (the O.D. limit). Similar
kinetics and levels of p24 antigen were seen with HIV IIIB or
MB infection of normal peripheral blood mononuclear cells.
There was marked evidence of cytotoxicity and cell death
manifested by cellular detachment from the surface matrix. The
morphology of the surviving cells appeared unchanged. In
particular, syncytia formation did not occur in endothelial cells.
Cells exposed to HIV tuB or MB (m.o.i. 0.001) also became
Time, days
Fig. 2. Kinetics of HI V (IJIB and MB) replication in human glomerular
endothelial (S----S) and mesangial (S 5) cells. PBMCs = periph-
eral blood mononuclear cells.
infected but the kinetics of HIV replication were shifted when a
lower inoculum was used with values of HIV p24 antigen >600
pg/mi seen only after 10 days of culture.
On indirect immunofluorescence assay, >90% of the endo-
thelial cells stained positive for intracellular p24 antigen (N =
3). PCR analysis demonstrated HIV DNA in glomerular endo-
thelial cells when sampled four days after HIV exposure.
Four-day-old glomerular endothelial cells exposed to HIV
readily infected normal peripheral blood mononuclear donor
cells as evidenced by a rise in culture supernatant p24 antigen
levels (>600 pg/mI) and marked cell cytopathic effects within
three days of coculture. Cocultivation with MT-2 cells yielded
readily visible syncytia formation within six days.
HIV infection (m.o.i. = 0.1) of endothelial cells could be
partially blocked by soluble CD4 (l gIml). At four days
post-infection, p24 antigen production was >600 pg/mI (average
of two experiments performed in duplicate) in the cultures
without soluble CD4 and 122 pg/ml in the cultures treated with
I g/ml of soluble CD4.
Mesangial cells. Infection of human mesangial cells could
only be achieved with the higher input amount of HIV MB.
Infection with HIV MB (m.o.i. = 0.1) led to detectable p24
antigen levels that fluctuated from <20 pg/mi to a high of 62
pg/mi on day 20 of culture. After 20 days post-infection,
intracellular HIV MB p24 antigen was detectable in 4% of the
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Fig. 3. HIV (MB) DNA detection by
polymerase chain reaction in human
glomerular mesangial cells before and 7, 10,
14 and 20 days after exposure to HIV.
cells (range 2 to 5%) (background controls <2%) by immuno-
fluorescence antibody staining. HIV proviral DNA was demon-
strated by PCR (Fig. 3). The HIV DNA signal from mesangial
cells exposed to HIV MB increased in intensity over time, Two
independent amplifications were concordant for each sample
using two sets of HIV primer pairs and appropriate HLA bands
were detected in all experiments. HIV TuB (m.o.i. = 0.1) did
not lead to infection of the cultures, supernatant p24 values
remaining below 20 pg/mI throughout the 40 day period of
observation. HIV IIIB PCR studies failed to reveal evidence of
proviral DNA on day 7 or 20 after attempted infection and
immunofluorescence studies were also negative.
After 40 days of exposure to HIV, the culture medium from
the mesangial cells was used to infect normal human peripheral
blood mononuclear cells and MT-2 cells. Supernatant fluids
revealed detectable levels of HIV MB p24 antigen after 10 days
of culture. In these studies, the HIY p24 antigen level in the
culture medium rose from 23 pg/mI before cocultivation to 122
after 10 days and to >600 pg/mi after 14 days of cocultivation
(Fig. 2). MT-2 cells cocultivated with mesangial cells previously
exposed to HIV MB exhibited readily visible syncytia after 10
days of culture. Normal peripheral blood mononuclear cells and
MT-2 cells showed no evidence of HIV expression when
cocultivated with mesangial cells exposed to HIV IIIB.
Epithelial cells. In contrast, the same studies with cultures of
human glomerular epithelial cells exposed to HIV were nega-
tive for evidence of HIV infection under all experimental
conditions described above (Table 1).
Discussion
These studies demonstrate that HIV can infect and replicate
in cultured human glomerular cells. Glomerular endothelial and
mesangial, but not glomerular epithelial, cell cultures exposed to
HIV became infected. Infection and virus production was virus
and cell type-specific. High infectivity was observed with both
virus strains in glomerular endothelial cells, low infectivity and
MB virus specific in glomerular mesangial cells and absence of
infection in glomerular epitheial cells. Although both cell types
were exposed to the same virus titers, infectivity developed much
faster and was much more apparent and generalized in endothelial
than in niesangial cells. Essentially all cultured endothelial cells
previously exposed to HIV, but only a minor fraction (—5%) of
similarly treated mesangial cells became positive for HIV antigen
on indirect immunofluorescence assays with HIV p24 antibody.
This low level of mesangial cell infection was also evident, in
comparison with normal peripheral blood mononuclear cells, in
the low titer of HIV core p24 antigen detectable in mesangial cell
culture media before cocultivation and the rapidly rising titer
developing after cocultivation.
There are precedents for HIV infection of capillary endothe-
hal cells. HIV can be found in endothelial cells of AIDS patients
[11]. Tubuloreticular inclusions, though not specific of HIV, are
frequently observed in endothelial cells, including glomerular
capillary endothelial cells [1]. In vitro, HIV can stimulate DNA
synthesis and cellular protein of bovine pulmonary artery
endothelial cells and enhance chorioallantoic membrane of
chick embryos.
In rodents, two subtypes of glomerular mesangial cells have
been described. The majority behave as pericytes or modified
smooth muscle cells while a minority of about 5 percent are
bone marrow-derived macrophages [12—141. The latter have not
been convincingly described in human glomeruli. We could not
demonstrate whether a subtype of mesangial cells became
infected or whether infection involved a small number of cells
from a single cell type. The kinetics of viral infection of
mesangial cells with the HIV MB strain is similar to that seen
with monocytotropic strains of HIV exposed to interferon,
indicating that the infected mesangial cells may be of monocyte/
macrophage lineage [15]. The restriction of virus production in
mesangial cells in association with detectable proviral DNA
may be suggestive of a viral latency state.
The mechanism of entry of HIV into glomerular endothelial
and mesangial cells is unknown. The CD4 molecule is the
primary receptor for the envelope glycoprotein (GP 120) of
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HIV, and HIV is generally infectious for cells expressing the
CD4 antigen in their cell membrane. Preliminary immunohisto-
chemical studies using murine monoclonal antibodies against
the CD4 molecule showed a cytoplasmic staining of CD4
antigen in normal human glomerular cells [16]. Our data show-
ing partial inhibition of infection of endothelial cells with
soluble CD4 suggest that the CD4 receptor may play a role in
infection [171. However, complete inhibition could not be
achieved suggesting that other mechanisms may also be impor-
tant. Other modes of HIV entry into cells independent of the
CD4 receptor are possible through mechanisms involving Fc-
receptors [18] or coinfection with other enveloped viruses such
as HTLV-l [19]. Elucidation of the mode of entry of HJV into
glomerular endothelial and mesangial cells will require further
studies including large scale preparations of glomerular cells in
culture, isolation and identification of possible subpopulations
susceptible to HIV and definition of surface cell markers to
identify a putative CD4-like HIV retrovirus receptor.
The lack of infectivity of glomerular epithelial cells after
exposure to HIV in vitro is at variance with the observations of
Cohen and coworkers [2] who used in situ hybridization and a
cDNA probe for HIV nucleic acid to localize the HIV genome
in tubular and glomerular epithelial cells in renal biopsies from
patients with HI V-associated nephropathy. These findings,
however, have not been reproducible [20].
The demonstration that HIV can infect and replicate in
human glomerular endothelial and mesangial cells in vitro does
not prove that the same mechanisms are operative in vivo.
Caution is necessary before extrapolating in vitro observations
from cell cultures to the in vivo situation. Cells in culture are
actively proliferating and are activated, and may become more
readily infected than in vivo. Precedents exist, however, for the
kidney to serve as virus sanctuary; for instance, cytomegalovi-
rus also can infect and replicate in vitro in human glomerular
cells in culture [21]. For HIV, factors that modulate the
susceptibility of glomerular cells to infection must also be
involved in the clinical expression of renal disease since only a
minority of HIV clinical patients, mainly Blacks, develop a
nephropathy associated with HIV [22]. Nevertheless, our find-
ings certainly indicate the potential for direct HIV infection of
glomerular cells.
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